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JOWFTUJHBUFE UIF FČFDU PG IZQFSDBQOJB 	MPX PYZHFO
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EFNPOTUSBUFEUIBUFOWJSPONFOUBMTUSFTTPSTIBWFUIFQPUFOUJBM
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BOE
FMFWBUFEUFNQFSBUVSF#FSSJFEGFNBMFNephropsXFSFFYQPTFE
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XFSF JOWFTUJHBUFE CZ RVBOUJGZJOH QSPYJFT GPS EFWFMPQNFOU
SBUF BOE ĕUOFTT JODMVEJOH  ZPML DPOTVNQUJPO NFBO
IFBSUSBUFSBUFPGPYZHFODPOTVNQUJPOBOEPYJEBUJWFTUSFTT
*ODSFBTFE UFNQFSBUVSF IBE QPTJUJWF FČFDUT PO FNCSZPOJD
EFWFMPQNFOUCVUOPJNQBDUPGMPXFSFEQ)XBTEFUFDUFEGPS
NPTU FNCSZPOJD EFWFMPQNFOU QBSBNFUFST 	FYDFQU UIF MFWFM
PG PYJEBUJWF TUSFTT
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UP MPX Q) NJHIU CF FYQMBJOFE CZ BEBQUBUJPO UP B Q)
SFEVDFEFYUFSOBMIBCJUBUBOEPSJOUFSOBMIZQFSDBQOJBEVSJOH
JODVCBUJPOćFTFSFTVMUTUIVTJOEJDBUFUIBUUIJTTQFDJFTDPVME
CFOFĕU GSPNHMPCBMXBSNJOH BOE CF BCMF UPXJUITUBOE UIF
QSFEJDUFEEFDSFBTF JOPDFBOQ)JOUIFOFYUDFOUVSZEVSJOH
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
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 QSPWJEFE B OPWFM NPEFMMJOH TUVEZ
PGNephropsNFUBQPQVMBUJPODPOOFDUJWJUZ JOXBUFST BSPVOE
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TFBXBUFSUFNQFSBUVSFTćFBVUIPSTFNQMPZFEIZESPEZOBNJD
BOEMBSWBMUSBOTQPSUNPEFMTUPEFTDSJCFTQBUJBMBOEUFNQPSBM
DIBOHFT JOPDFBOPHSBQIJDDPOEJUJPOTBOE UPRVBOUJUBUJWFMZ
QSFEJDU UIF EFHSFF PG DPOOFDUJWJUZ CFUXFFO QPQVMBUJPOT
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XBSNFS TVSGBDF MBZFS QBTTJOH UISPVHI UISFF UFNQFSBUVSF
EFQFOEFOUTUBHFTPGEFWFMPQNFOU5FNQFSBUVSFJTQBSUJDVMBSMZ
JNQPSUBOUJOEFUFSNJOJOHEVSBUJPOTPGFBDIMBSWBMTUBHFćJT
TUVEZ GPVOE UIBU JODSFBTJOH TFBXBUFS UFNQFSBUVSF UISPVHI
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EFWFMPQNFOU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 ćJT SFQSFTFOUT
BO JNQPSUBOU BEWBODFNFOU  VOEFSTUBOEJOH NFDIBOJTNT
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BM 	
 EFWFMPQFE B NPEFM UP FYBNJOF UIF JOUFHSBUFE
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XIJDIHBSOFSFEHMPCBMQSFTTDPWFSBHFVQPOQVCMJDBUJPO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DPODPNJUBOU SFEVDUJPOT JO BTZNQUPUJD CPEZ TJ[F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TZODISPOPVT DPNQPOFOU PG UIF UPUBM WBSJBCJMJUZ DPJODJEJOH
XJUI B o¡$ JODSFBTF JOXBUFS UFNQFSBUVSF 4NBMMFS CPEZ
TJ[FTIBWFEFDSFBTFEUIFZJFMEQFSSFDSVJUPGUIFTFTUPDLTCZ
BOBWFSBHFPG"MUIPVHIJUJTOPUQPTTJCMFUPBTDSJCFUIFTF
QIFOPUZQJD DIBOHFT VOFRVJWPDBMMZ UP SJTJOH UFNQFSBUVSF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GPVSBTQFDUTTVQQPSUUIJTJOUFSQSFUBUJPO	J
UIFTZODISPOPVT
USFOEXBTEFUFDUFEBDSPTTTQFDJFTWBSZJOHJOUIFJSMJGFIJTUPSZ
BOE MJGFTUZMF 	JJ
 UIFEFDSFBTFDPJODJEFEXJUI UIFQFSJPEPG
JODSFBTJOHUFNQFSBUVSF	JJJ
UIFEJSFDUJPOPGUIFQIFOPUZQJD
DIBOHFJTDPOTJTUFOUXJUIQIZTJPMPHJDBMQSFEJDUJPOTBOE	JW

OP DSPTTTQFDJFT TZODISPOZ XBT EFUFDUFE JO PUIFS TQFDJFT

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FYBNJOFEUIFFČFDUTPGWBSJBUJPOJOTQBXOJOHTUPDLBOETFB
UFNQFSBUVSFPOMPOHUFSNUFNQPSBMQBUUFSOTJOSFDSVJUNFOU
EZOBNJDT PG  DPNNFSDJBMMZ IBSWFTUFE ĕTI TUPDLT JO UIF
OPSUIFSO/PSUI"UMBOUJD'PSIBMGPGUIFTUPDLTTUVEJFEUIF
UFNQFSBUVSFFČFDUXBTTUBUJTUJDBMMZTJHOJĕDBOUXIFOBEEFEUP
UIFNPEFM PG UIF SFMBUJPOTIJQCFUXFFO SFDSVJUNFOU TVDDFTT
BOE TQBXOJOH TUPDL CJPNBTT ćJT JODMVEFE BMM TJY PG UIF
IFSSJOHTUPDLTTUVEJFEXJUIBQPTJUJWFFČFDU GPSDPMEXBUFS
TUPDLTBOEOFHBUJWFFČFDU GPSTUPDLT JOUIFNPSFUFNQFSBUF
TPVUIFSO BSFBT 	JODMVEJOH UIF XFTU PG 4DPUMBOE BOE/PSUI
4FB
 'PS UIF WBSJPVT  QMBJDF TUPDLT B UFOEFODZXBT GPVOE
UPXBSE SFDSVJUNFOU CFJOH GBWPVSFECZ MPXFS UFNQFSBUVSFT
ćJTJTDPOTJTUFOUXJUIXIBUIBTFBSMJFSCFFOEPDVNFOUFECZ
'PYet al.	
XIPGVSUIFSQPJOUFEUPUFNQFSBUVSFEVSJOH
UIFĕSTUNPOUITPG UIFZFBSCFJOHPGQBSUJDVMBS JNQPSUBODF
CZBČFDUJOHQSFEBUJPOQSFTTVSFPO UIFQMBOLUPOJD TUBHFTPG
QMBJDFBOETVCTFRVFOUMZUIFJSSFDSVJUNFOU
1ÏDVDIFUet al. 	
 JOWFTUJHBUFE UIFQPUFOUJBM JNQBDUTPG
WBSJPVTBCJPUJDBOECJPUJDGBDUPSTPOUIFSFDSVJUNFOUTUSFOHUI
BOE WBSJBCJMJUZ PG /PSUI BOE #BMUJD 4FB TUPDLT 4UPDL
SFDSVJUNFOUNPEFMTXFSFĕUUFE GPS UIFEJČFSFOUĕTI TUPDLT
VTJOH SFDSVJUNFOU 	3
 BOE TQBXOJOHTUPDL CJPNBTT 	44#

GSPN*$&4TUPDLBTTFTTNFOUXPSLJOHHSPVQTćFQFSDFOUBHF
PG TVSWJWBM FYQMBJOFE CZ EJČFSFOU FOWJSPONFOUBM WBSJBCMFT
	FH UFNQFSBUVSF TBMJOJUZ OVUSJFOUT DVSSFOUT
 WBSJFE
CFUXFFO GPSXFTUFSO#BMUJD 4FB TPMF 	Solea solea
 BOE
GPS/PSUI4FBXIJUJOH	Merlangius merlangus
'PS
PGUIFTUPDLTTUVEJFEPGUIFEFWJBODFXBTFYQMBJOFE
CZFOWJSPONFOUBMWBSJBCMFTćFNPTU GSFRVFOUFYQMBOBUPSZ
WBSJBCMFTXFSFDVSSFOUTQFFE	XIJDIXBTQSFTFOUJOUIFĕOBM
NPEFMGPSPGTUPDLT
ĕTITUPDLCJPNBTT	PG
BOE
TBMJOJUZ	PG
ćFTBMJOJUZWBSJBCMFXBTQSFTFOUJOFJHIUPG
UIFUFO,BUUFHBUo#BMUJD4FBTUPDLTFYDFQUUIFTQSBUBOETPMF
CVUXBTDPNQMFUFMZBCTFOUJOUIFĕOBMNPEFMGPSFWFSZ/PSUI
4FBTUPDLFYDFQUTQSBU'PS/PSUI4FBDPEBOETPMF	CVUOPU
QMBJDFXIJUJOHIBEEPDLBOETBJUIFPollachius virens
XBUFS
UFNQFSBUVSFXBTBOJNQPSUBOUJOĘVFODF
#FHHTet al.	
FYBNJOFEMJOLTCFUXFFODMJNBUFBOE*SJTI
4FBDPESFDSVJUNFOUEVSJOHBQFSJPEPGEFDMJOJOHTQBXOJOH
TUPDLCJPNBTT	44#
4QFDJĕDBMMZ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JOUIFSFMBUJPOTIJQCFUXFFOSFDSVJUNFOU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UćFBOBMZTJTTVHHFTUTBUISFTIPMETIJę
JOUIFSFMBUJPOTIJQCFUXFFOSFDSVJUNFOUBOE44#JO*SJTI4FB
DPEXJUIDPESFDSVJUNFOUCFJOHNPSFTFOTJUJWF UPDMJNBUJD
WBSJBCJMJUZ EVSJOH UIF SFDFOU MPX 44# SFHJNF 0UUFSTFO et 
al. 	
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TVHHFTUJOHUIBUBCSVQUDIBOHFT
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ćF/PSUI4FBDPETUPDLEFDMJOFEPWFSUIFQBTUGPVSEFDBEFT
MJOLFE XJUI QSFWJPVT PWFSĕTIJOH BOE DMJNBUF DIBOHF
$IBOHFT JO TUPDL TUSVDUVSF EVF UP PWFSĕTIJOH IBWF NBEF
UIF TUPDL MBSHFMZ EFQFOEFOU PO JUT SFDSVJUNFOU TVDDFTT
XIJDI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 HSFBUMZ SFMJFT PO FOWJSPONFOUBM DPOEJUJPOT
/JDPMBTet al. 	
UFTUFEXIFUIFSPCTFSWFEDIBOHFTJOUIF
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EJSFDU	JFUFNQFSBUVSF
BOEPSJOEJSFDU	JFDIBOHFTJOUIF
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 QBSUJDVMBSMZ PG FOFSHZSJDI
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JNQBDUT PO DPE SFDSVJUNFOU IPXFWFS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3. HOW OUR UNDERSTANDING HAS DEVELOPED 
OVER THE PAST DECADE?
3.1 Where have early concepts/predictions been borne 
out?
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Figure 1. Estimated annual economic loss in Europe in the year 2100 due to damage on mollusc production under ocean acidi-
fication for selected species groups (parteq_calci_V scenario). From Narita and Rehdanz (2017).
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Figure 2: Seabass in in the southern North Sea, Irish Sea, English Channel, and Celtic Sea. Summary of stock assessment 
(weights in thousand tonnes). Landings are from the commercial fishery only. Fishing mortality is shown for the combined com-
mercial and recreational fisheries (ICES 2015a).

FISHERIES
MCCIP Science Review 2017
&VSPQFBO DPOUJOFOUBM TIFMG CFUXFFO  BOE ćFTF
BVUIPSTOPUFEBTUSPOHATVCUSPQJDBMJ[BUJPOPGUIF/PSUIBOE
#BMUJD 4FBTćFTF BSFBTIBWF TIJęFEBXBZ GSPNDPMEXBUFS
BTTFNCMBHFTUZQJDBMMZDIBSBDUFSJ[FECZ"UMBOUJDIFSSJOHBOE
TQSBUGSPNUIFTUPTUPXBSNFSXBUFSBTTFNCMBHFT
UZQJĕFE CZ NBDLFSFM IPSTF NBDLFSFM Trachurus trachurus
TBSEJOF Sardina pilchardus BOE BODIPWZ GSPN UIF T
POXBSETćFQSJNBSZESJWFSPGDIBOHFJOUIFTFTQFDJFTIBT
CFFOTFBTVSGBDFUFNQFSBUVSFTJOBMMDBTFT	.POUFSP4FSSBet 
al.

1FSSZ et al. 	
 OPUFE UIBU DFSUBJO XBSNXBUFS TQFDJFT
TFFNUPIBWFTIJęFEUIFJSEJTUSJCVUJPOTPVUIXBSETPWFSUIF
QBTUGFXEFDBEFT	JFJOUIFPQQPTJUFEJSFDUJPOUPXIBUNJHIU
HFOFSBMMZCFFYQFDUFEJOUIFOPSUIFSOIFNJTQIFSF
ćJTXBT
DPOĕSNFECZ&OHFMIBSEet al. 	
 GPS TPMF JO UIF/PSUI
4FB BOE BMTP GPS TDBMEĕTI Arnoglossus laterna TPMFOFUUF 
Buglossidium luteum BOE CJC Trisopterus luscus 	%VMWZ et 
al. 
$PMEXJOUFST BSF LOPXO UPIBWF DPJODJEFEXJUI
NBTTEJFPČTPGTPMFJOUIFQBTUXJUIUIJTTQFDJFTNJHSBUJOH
PČTIPSFFBDIXJOUFSUPUIFDFOUSBM/PSUI4FBJOPSEFSUPBWPJE
FYDFTTJWFMZ DPME DPOEJUJPOTOFBS UIF DPBTU 	FH8PPEIFBE

 *O SFDFOU ZFBST TIBMMPXFS XBUFST TVSSPVOEJOH UIF
/PSUI 4FB IBWF SFNBJOFE IBCJUBCMF BMM ZFBS SPVOE 	XJOUFS
DPOEJUJPOTBSFMFTTTFWFSF
BOEIFODFUIFBQQBSFOUTPVUIXBSE
BOE TIBMMPXJOH TIJę PG TPNFXBSNXBUFS DPNNFSDJBM ĕTI
	&OHFMIBSEet al.

%VMWZet al.	
SFĘFDUFEPOUIFFBSMJFSĕOEJOHTPG1FSSZ
et al. 	
 BOE FYQMPSFE UIF ZFBSCZZFBS EJTUSJCVUJPOBM
SFTQPOTF PG UIF /PSUI 4FB EFNFSTBM ĕTI BTTFNCMBHF JO
SFTQPOTF UP DMJNBUF DIBOHFćFTF BVUIPST GPVOE UIBU UIF
XIPMF/PSUI4FBĕTIBTTFNCMBHFIBEEFFQFOFECZ_NQFS
EFDBEFTJODFBOEUIBUUIFEFFQFOJOHSFTQPOTFXBTGBS
NPSFTJHOJĕDBOUJODPNQBSJTPOXJUIUIFMBUJUVEJOBMSFTQPOTF
UIBUIBEQSFWJPVTMZ CFFO SFQPSUFECBTFEPO UIF TBNFEBUB
	1FSSZet al. 
" SFDFOUQBQFSCZ'SFJUBTet al. 	

DPNCJOJOHZFBSTPGUFMFNFUSZEFSJWFECFIBWJPVSBMEBUBPO
KVWFOJMFBOEBEVMU	oDN
"UMBOUJDDPE	Gadus morhua

BOE JO TJUV PDFBO UFNQFSBUVSF NFBTVSFNFOUT GPVOE B
TJHOJĕDBOU FČFDU PG TFB UFNQFSBUVSF PO DPEEFQUIVTF BOE
BDUJWJUZ MFWFM JOUIFDPBTUBM4LBHFSSBL%VSJOHTVNNFSBOE
JOQFSJPETXIFOTFBTVSGBDFUFNQFSBUVSFJODSFBTFEDPEXFSF
GPVOEJOEFFQFSXBUFSTćFBVUIPSTPGUIJTTUVEZSFBTPOFE
UIBU GVUVSF BOE POHPJOH SJTFT JO TFB TVSGBDF UFNQFSBUVSF
NBZ JODSFBTJOHMZ ESJWF DPE BXBZ GSPN TIBMMPX GFFEJOH
BSFBT EVSJOH TVNNFS XIJDINBZ CF EFUSJNFOUBM GPS MPDBM
QPQVMBUJPOTPGUIFTQFDJFT
'PS NBOZ ZFBST JU IBT CFFO BSHVFE 	JODMVEJOH JO WBSJPVT
.$$*1SFQPSUT
UIBUDPPMFSXBUFSTQFDJFTTVDIBTDPENJHIU
OPUCFBCMFUPQFSTJTUBSPVOEUIF6,JOUIFGVUVSFJGTFBXBUFS
UFNQFSBUVSFT DPOUJOVF UP SJTF *OEFFE %SJOLXBUFS 	

QSFEJDUFEPOUIFCBTJTPGDPSSFMBUJPOTCFUXFFOUFNQFSBUVSF
BOESFDSVJUNFOUUIBUDPETUPDLTJOUIF$FMUJDBOE*SJTI4FB
BSF FYQFDUFE UP EJTBQQFBS BMUPHFUIFS CZ  XIJMF UIPTF
JOUIFTPVUIFSO/PSUI4FBXJMMQSPCBCMZEFDMJOF$PPLBOE
)FBUI 	
 BMTP FYBNJOFE UIF SFMBUJPOTIJQ CFUXFFO TFB
TVSGBDFUFNQFSBUVSFBOESFDSVJUNFOUJOBOVNCFSPG/PSUI
4FBĕTITQFDJFT	DPEIBEEPDLXIJUJOHTBJUIFQMBJDFTPMF

ćFTFBVUIPSTDPODMVEFEUIBU JG UIFSFDFOUXBSNJOHQFSJPE
XFSFUPDPOUJOVFTUPDLTUIBUFYQSFTTBOFHBUJWFSFMBUJPOTIJQ
XJUI UFNQFSBUVSF 	JODMVEJOH DPE
 NJHIU CF FYQFDUFE UP
TVQQPSUNVDITNBMMFSĕTIFSJFTJOUIFGVUVSF*OUIFDBTFPG
DPEDMJNBUFDIBOHFIBTCFFOFTUJNBUFEUPIBWFCFFOFSPEJOH
UIFNBYJNVNTVTUBJOBCMFZJFMEBUBSBUFPGUPOOFTQFS
EFDBEFTJODF$BMDVMBUJPOTCZ$PPLBOE)FBUI	

TVHHFTU UIBU UIF/PSUI 4FB DPE TUPDL DPVME TUJMM TVQQPSU B
TVTUBJOBCMFĕTIFSZVOEFSBXBSNFSDMJNBUFCVUPOMZBUWFSZ
NVDIMPXFSMFWFMTPGĕTIJOHNPSUBMJUZ
"DDPSEJOH UP UIF NPTU SFDFOU TUPDL BTTFTTNFOUT GPS DPE
BSPVOEUIF6,	*$&4B
TUPDLTXFSFIFBWJMZPWFSĕTIFE
JOUIFFBSMZNJETBOEQPQVMBUJPOTXFSFBUUIFJSMPXFTU
FWFS SFDPSEFE WBMVF 	FH ĕHVSF 
 )PXFWFS TJODF UIJT
QFSJPE ĕTIJOH NPSUBMJUZ IBT CFFO TJHOJĕDBOUMZ SFEVDFE
UISPVHI WFTTFM EFDPNNJTTJPOJOH TDIFNFT BOE TUBUVUPSZ
FČPSU DPOUSPMT 4QBXOJOH TUPDL CJPNBTT JO UIF /PSUI 4FB
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3.2 Variability in the context of longer term ‘climatic’ 
timeframes
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Figure 3. Cod in the North Sea, eastern English Channel and Skagerrak. Summary of stock assessment with point-wise 95% 
confidence intervals (ICES, 2015b). Any observed changes over the past decade, including any extremes.
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3.3 What are future projections telling us now (vs. what we 
thought a decade ago)?
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